, using a slightly modified, but no less time-consuming, GLC method, reported the values of CarHb in normal, diabetic, and uremic patients receiving different modes of treatment. They also suggested the possibility that protein carbamylation could have a pathophysiological role in the mechanism of uremic toxicity.
Here we describe a rapid, precise, and reproducible HPLC method for measuring CarHb, based on the release of carbamyl valine from the NH2-terminals of a and j3
chains of Hb by acid hydrolysis and the subsequent quantification of the spontaneously produced valine hydantoin.
Materials and Methods

Apparatus
Our chromatographic system consisted of a ConstaMetric 3000 HPLC pump and a SpectroMonitor 3100 UV detector 
Procedures
Sample preparation. We pipetted 0.5 mL of heparinized blood into a 10-mL plastic-topped plain glass tube (UP Equipment Ltd., Shipley, U.K.), washed this with 10 mL of isotonic (9 gIL) sodium chloride, centrifuged it at 3000 x g for 10 mm, and discarded the supernate. The washed samples were stored at -20 #{176}C until required for analysis.
Alternatively, if there was any question of hemolysis, we stored a 0.5-mL aliquot of the heparinized blood sample without washing and used it when required.
Hydrolysis and extraction. We hydrolyzed the 0.5-mL sample by adding 1 mL each of 11 molJL HC1 and 17 moIIL acetic acid and heating for 2 h at 110 #{176}C. We cooled the hydrolysate in cold water and then added 2 mL of 10 molJL NaOH to it, bringing the pH up to about 4, followed by 100 pL of the internal standard solution. After adding 5 mL of ethyl acetate to the hydrolysate and shaking for 1 mm, we centrifuged the sample at 5000 x g for 10 mm. We took 4.5 mL of the supernate to shake with 2 mL of 1 moIIL NaHCO3 for 2 mm, and then centrifuged it at 3000 x g for 5 mm. We evaporated the solvent from 4 mL of this supernate under a stream of air at 70#{176}C. The resulting eitracts were stable when stored desiccated. However, the use of unwashed whole blood considerably increased column fouling.
Extraction buffer pH. Extraction for both valine hydanthin and carbamyl norvaline was optimal within pH 3-5.
Precision. The within-run
CVs for carllb concentrations of 100 and 328 gCV/gITh were 7% (n = 16, SD = 7 tgCV/gHb) and 5% (n = 22, SD = 16 .tgCV/gIib), respectively. The corresponding between-run CVs were 8% (n = 17, mean = 102, SD = 8.2 pgCV/gHb) and 6% (n = 24, mean = 326, SD = 20.3 gCV/gHb), respectively. Analytical recovery. The mean analytical recoveries of valine hydantoin and carbamyl norvaline were 68.8% (n = 4) and 64.0% (n = 4), respectively.
Linearity, detection limit, and interference.
The results of (Table 1 ). In the control subjects the concentrations of CarHb ranged from 17 to 59 tgCV/gHb (0.7% to 2.4% carbamyl Hb). The diabetic patients had concentrations similar to the normal subjects, 20 to 63 &gCV/gHb (0.8% to 2.5% carbamyl Jib); however, the concentrations of CarHb in uremic patients were much higher. Figure 3 shows the correlation of CarHb with plasma urea and creatinine in the uremic patients.
Discussion
The purpose of this study was to develop a rapid, practical, specific, and precise method for measuring CarHb. To the best of our knowledge, this is the first HPLC method described for this. A trained laboratory scientist who is familiar with HPLC techniques can easily handle 20 sam- the controls and diabetic patients are similar, because carbamylation depends on the presence of cyanate derived from urea in plasma. The plasma urea was not significantly different in both of these groups of patients. CarHb causes
